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Observation of a metamagnetic phase transition in an itinerant 4 system
via the magneto-optic Kerr effect: CdFe;_,Co,),
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The optical and magneto-optical properties of single crystals of,YkeeFg, and Ce(Fe_ ,Co), (X
=0.1) were measured between 1.4 and 5.0 eV using a rotating-analyzer ellipsometer and a normal-incidence
polar Kerr spectrometer. The electronic structures and optical properties gfarieCeFe were calculated
using the tight-binding linear muffin-tin orbital method in the atomic-sphere approximation. Far tfiEe
calculations reproduce the experimental spectra. Alloying ekt small amounts of Co leads to an elec-
tronic instability which is evidenced by a low-temperature antiferromagiafg phase. The Kerr effect was
measured in the AF and field-induced ferromagné€fit) regime. A remarkably large Kerr rotation was
measured even in the AF staigp to —1°). Thephase transition from AF to FM order was observed in the
Kerr rotation spectra at 5 and 50 K at photon energies of 1.8 and 4.0 eV.

I. INTRODUCTION growth yielded platelike crystals, with the plane of the plates
perpendicular tg111]. The YFe and CeFg crystals were
The nature of the anomalous magnetic properties ohbout 3x5Xx2mnt and had clean surfaces. No further sur-
CeFg has been of great interest for the last two decadeSace treatment was necessary and the as-grown crystals were
RFe, compounds with heavy rare earths have a high orderingised for the optical experiments. A Ce(EeCo,), alloy
temperature, a large magnetocrystalline anisotropy, and @as grown from a pseudobinary melt. A nomimat 0.2 re-
reasonably strong magneto-optic signal, which makes thosgjted in an estimatea=0.1 (see Sec. Il This growth
materials suitable for magneto-optic device applicatiohs. produced crystals of octahedral morphology about33

CeFe clearly is an exception, having an ordering tempera-, 3mn in size with clean triangulafl11) facets. As for the
ture that is reduced to below room temperature. This alreadXther samples of this group, polishing was not necessary

suggests some unusual interactions which are manifested inl-‘?bwever RFe, compounds are rather reactive and complete
low-temperature antiferromagnetic structure upon aIoning0 S . )
xidation of a sample surface can occur in as little as one

ith small f Al RE.6 The latti - o .
with small amounts of Al, Co, or RY € lattice constant hour, giving the surface a yellowish, instead of the typical

of CeFe is smaller than expected for a rare-earth-Eem- ; -
pound containing a trivalent Ce idnX-ray photoemission metallic, appearance of an unoxidized surface. Lee encoun-
tered this problem when measuring heavy rare-earth-Fe

spectroscopyXPS) indicates that, in fact, the Ce ion is close

4 :
to the tetravalent state in CeffeNeutron scattering experi- cor_npounds}. In many cases samples needed to be polished,
ments indicated a magnetic moment-eD.14ug/Ce which which led to thick oxide overlayers which reduced the mag-
originates from 4 and 5 contributions’ It is believed that nitude of the optical conductivi_ty. After the samples were
CeFe is an itinerant magnet, similar to UE&! and that removed from the growth crucible and separated from the
the 4f overlap is strong enough to broaden the usually localflux they were immediately sealed in pyrex ampules with a
ized 4f states into bands. Recently, rather strong antiferroPartial pressure of argon. Samples were kept sealed until the
magnetic fluctuations were unexpectedly found in the ferroPtical experiments were performed. Immediately before the
magnetically ordered state of CeFe We performed experiments the glass was broken, the sample epoxied to the
magneto-optic measurements on Cefeegain more insight sample_ holder, an.d transferred into the _sample chamber
into the electronic structure of this intriguing compound. InWhere it was kept in a He atmosphere during the measure-
order to be able to separate out contributions from the 4 MeNts. The sample was in contact with air for no longer than
states the same experiments were performed on the Y anal@gtotél of 10 min. Paolasiret al.” performed neutron scat-
which has no 4 electrons but behaves chemically similar to {19 on similar samples grown at Ames Lab and pointed

RFe,. We then investigated a Ce(FgCa,), alloy to learn out that CeFg is extremely sensitive to thermal shock. In

more about the character of the metamagnetic phase tranﬂne hour they transformed one 5-gm single crystal into pow-
tion and how it relates to the magneto-optical signal. er by warming it from low temperature to room tempera-
ture. Slow cooling and heating is therefore necessary with

CeFe and the Ce-Fe-Co alloy discussed in this paper. After
the magneto-optical experiment, the dielectric function was
measured on the same samples. Since ellipsometry cannot be
R-Fe, compounds were grown by the self-flux-growth performed in vacuum or an inert atmosphere using our ex-
technique from a rare-earth rich mé&t'® The crystals were perimental setup, the samples were exposed to air for up to
grown from Ames Lab 99.995% Ce, Ames Lab 99.99% Y,30 min during the measurement. Before each scan the sur-
and 99.999% Fe and Co from Union Carbide. The fluxface was polished with 0.0&m alumina to remove any ox-

Il. SAMPLE PREPARATION
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T At 10 K the easy axis is perpendicular[tbll], i.e., in the
",fl [Lmi surface plane. The anisotropy is small and the saturated mo-
R [111] ments forH|[[ 111] andH_L[ 111] differ by less than 2%. The
' ] moment reached at 55 kOe fét||[111] is 2.55ug/CeFe.
[ E S NN ] .. . . . .
This is the same alignment used in the optical experiments.
The high-temperature susceptibility indicates a Curie con-
1 stant too large to be attributed solely to the Fe ions. There is
a contribution from Ce, observed in later experimental stud-
: ies employing polarized neutroRs¢-ray magnetic circular
dichroism (XMCD),?'~23 Compton scattering’ and nuclear
20 30 40 50 magnetic resonand®MR).% Kennedyet al>? noticed re-
H (kOe) flections of antiferromagnetic origin but did not investigate
this further. An antiferromagnetic component of Qui#Ce
FIG. 1. M/H (upper panélandy~* (lower panel as a function ~ was estimated. Upon doping with Al, Co, or Ru they found

of temperaturg for Cekeat 1 kOe. Data shown in the lower panel antiferromagnetic ground state with wave vegtag, 1 ].
were taken witfH|[111]. In the case of Ce(ReCaoy ), a lattice distortion from cubic

ide that miaht h f d th ; Ell i («=90°) to rhombohedral symmetry witk=90.2° was
ide that might have formed on the surface. EIPSOMElCy, 12627 The most recent results from neutron inelastic
spectra were precise to within 2%, which is considered the

accuracy of our instrument. However, oxidation of the t0p§catterlng on Cekeconfirmed antiferromagnetic fluctuations

layer occurs on a much shorter time scaa the order of ns 'g tEe fte}]rromggnetltcally orderedt.f_taftﬁt.)lstconclutorlledfthat In
for Al) and there will always be a native oxide overlayer if erg there IS a strong competiion between the terromag-

the measurements cannot be performed under UHV Ccmdpetic ground state and an antiferromagnetic state with the
tions same wave vector that was found earlier by Kennedy

RFe, compounds crystallize in the cubic MgEiiaves al.>?® The apparent static antiferromagnetic component is

7 — . about 0.0m5, superimposed on a 1uz ferromagnetic Fe
phase structureq15, space grou@®,, Fd3m). The lattice  ,ment At low temperatures these antiferromagnetic corre-
constants for YFg (Ref. 13 and CeFg (Ref. 7) are 7.363  |ations extend over many unit cells. It is therefore likely that

and 7.304 A, respectively. These values were also used f@eFe is close to an electronic instability and a small change
the band structuréBS) calculations. The lattice constant of j, gjectron concentration can establish a stable antiferromag-

CeFg is much smaller(similar to that of HoFg) than ex- [ atic ground state.
pected for a compOLngld containing tripositive Ce, indicating Alloying reducesT¢ and, as mentioned above, a low-
valence fluctuation§: temperature simple antiferromagnetic phase is found upon
substitution for Fe by Co, Al, Ru, Rh, or Bd® In
. MAGNETIZATION Ce(Fg_,Co,), a low-temperature antiferromagnetic phase
is found for 0<x<<0.3. For 0.3Xx<1 ferromagnetic order
In order to characterize the samples, dc magnetizatiopersists down to low temperatures. The paramagnetic-to-
measurements were made on all specimens, using a commégrromagnetic and ferromagnetic-to-antiferromagnetic phase
cial Quantum Design SQUID magnetometer. Yk®a fer-  transitions were observed in neutron scatterifty,’
romagnet with an ordering temperature of 528'KAt 55 susceptibility®* resistivity and thermopowér, specific
kOe, the limit of our instrument, a saturated moment ofheat?®-**and thermal expansion experimefts® An abrupt
2.91ug/YFe, was measured at 5 K, the same value obtaine¢hange in the cell volume at the ferromagnetic to antiferro-
by Buschow and van Stapele at 4.2"KPolarized neutron magnetic transition indicates that this is a first-order phase
studies by Ritteet al’® revealed an Y moment as large as transition. The phase transition from the paramagnetic to fer-
—0.67up coupled ferrimagnetically to an Fe moment of romagnetic regime is accompanied by a smooth variation in
1.77ug . The total saturated moment agrees with our magneeell volume and is therefore believed to be of second order.
tization data. The easy direction of magnetization is along Figure 2 shows magnetization versus temperature for the
[111], i.e., along the surface normal of the (111) fadets. Ce(Fe/C9 pseudobinary sample between 0 and 300 K in a 1
M(T) for CeFe in an external field of 1 kOe is shown in kOe applied field. We can identify two magnetic phase tran-
Fig. 1. The upper panel shows/H between 100 and 350 K, sitions. A plot of d(xT)/dT (lower panel gives aT. of
and emphasizes the anisotropic behavior that is also found iapproximately 191 K, indicating the paramagnetic to ferro-
M(H). In the lower panely (T) is plotted which allows magnetic transition. A linear fit to the high temperature
one to determine roughly the ordering temperature. A fit ofy~1(T) data yields an effective moment of 487, slightly
x~Y(T) above 280 K giveJ -~ 240 K. A proper determina- larger than that obtained for Cefeand 207 K for®. At
tion of T¢ requires detailedV(H) data for temperatures lower temperature there is a second phase transition from the
above and below the ordering temperature. Following thderromagnetic to an antiferromagnetic structur@ gt 81 K.
method of Arrott:® plots of M3 versus field between 220 and In the upper panel of that figure we indicate the regimes of
250 K with the field applied parallel t§111] lead to an antiferromagnetic(AFM) and ferromagnetic(FM) order.
estimate ofT - =(228+2) K, in excellent agreement with the Above T the sample behaves paramagneticéfliyl). Using
230 K measured by Farrell and Walla&=rom a fit ofy "' the values obtained fdF. andTy and the phase diagram for
above 280 K an effective moment of 4,84 was derived. Ce(Fg_,Ca), (Refs. 27-29,31,32we estimate 8.5% x
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various temperatures amtll [ 111]. At low temperatures the
sample is in a stable antiferromagnetic regime and even a
field of 55 kOe is not sufficient to induce ferromagnetic or-
dering. At the highest field the total moment at A&nK is
below 0.1Jug . A field of about 68 kOe will eventually induce

a ferromagnetically ordered state at this temperatuedso
found in our spectroscopic dataee below. At 50 K the
structure becomes unstable at a lower field and we observe a
metamagnetic transition between 25 and 30 kOe leading to a
field-induced ferromagnetic structure. Below the transition
temperature the moment remains less than @gQ5saturat-

ing around 50 kOe at 50 K, close to the transition. We note
some hysteresis which increases with decreasing tempera-

ture, consistent with the previously mentioned first-order
phase transitioR’ Based on neutron experimertsyhich
showed the coexistence of ferromagnetic and antiferromag-
netic spin waves, even in the parent compound, we believe
that the hysteresis iM (H) is caused by the competition of a
ferromagnetic and antiferromagnetic ground state. At 100 K
we find simple ferromagnetic orddcompare Fig. 2 and
saturation is reached at 5 k@as the domains align in the
applied field. Compared to the data at 50 K, the moment is
reduced which is due to thermal disorder. The scan at 250 K
ofindicates a linear field dependence of the magnetization as
expected for a paramagnet.
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FIG. 2. Temperature-dependent magnetization
Ce(Fg_,Co,), with a field of 1 kOe applied perpendicular to
[111]. The upper panel showd/H, indicating two phase transi-
tions. The antiferromagnetidFM), ferromagnetidFM), and para-
magnetiqdPM) regimes are indicated in the figure. Fraify T)/dT,
which is shown in the lower panel, we estimdtg=81 K and T
=191 K.

IV. ELECTRONIC STRUCTURE

Over the past decade rare-earth compounds have been the
subject of many LDA studies due to their intriguing elec-
tronic and magnetic properties. For an excellent review on
<10%. We obtain a range forsince the magnetization was this topic we refer to an article by Brooks and Johansson.
measured in an applied field and it is well known tfigatis To aid in interpreting our spectra we carried @it initio
field dependent!®? For an unambiguous determination of band structure calculations for Yfe@nd CeFg, using the
Ty We would need to measure the zero-field magnetizationlocal-density approximatiofLDA) and the tight-binding lin-
However, for our purposes the exact composition is not cruear muffin-tin - orbital method in the atomic-sphere
cial and we will assume that=0.1. approximatior?® adding spin-orbit coupling in every itera-

As in pure CeFgthe easy direction of magnetization in tion to self-consistency. The local spin-density approxima-
Ce(Fg4Cay 1), is in the plane, perpendicular fd11]. For  tion was used for the exchange and correlation potential with
H|[111] (Fig. 3 a saturated moment of 2.paq/ the von B;wth—l—!edm paramgtnzatlSﬁ.De_ta_lls are given
Ce(Fg Cay ), Was measured at 50 K. If the field is applied elsewheré? The interband optical conductivity tensors were

perpendicular td111], a maximum moment of 2.38; is calculated using Kubo’s linear response thetry. N
reached. In Fig. 3 we show the magnetization versus field for W€ do not show the band structures and total densities of

states, for they resemble those publishe® ! The LDA
may not be so bad for thefstates in CeFg for these states
form a reasonably broad band; our calculated width is 1.5
eV. Erikssoret al®® correctly predicted with the LDA the Ce
and Fe moments and the ferrimagnetic alignment before they
were known experimentally.

3

Ce(Fe, Co,), (x=0.1), H 1 [11]

M (ugff.u.)

V. OPTICAL AND MAGNETO-OPTICAL RESPONSE

In general, the dielectric response of a cubic crystal mag-
netized alongz is described by the optical conductivity ten-
sor

H (kOe)

Oxx  Oxy O
FIG. 3. M(H) for Ce(Fg_,Co,),(x=0.1) with H1[111]. - o 0 1)
Temperatures are indicated in the figure. At 50 K dataH{r111] R '
are also included. 0 0 oy

SEH
I



PRB 62 OBSERVATION OF A METAMAGNETIC PHAE . .. 7087

3.0 T T T T T T
28| — YFe, - 04 s YFe, -
P2 N — CeFe, 1 A
__:; 24 N Ce(Fe,,Co,), (x=0.1) ] 02 a 4
e 22F % -
=] 3
= 20 7 00 FE-P
2181 .
°
16 - 7 ~ 02} guet " '
14 | 1 g . WS
12 5 E’ . | . = I®K
14 i ] ! 04 [ T T ! T T
Q £ ®a  CeFe,
12 1 02} o a .
1.0 1 o %
Ttl) : 0.0 | " AAAQ& """ I..,.__. A B
o 08 E 02| - ‘u AA |
S o6t . ' L] %6 &
% -04 42eV n a N
DN 04 — - AMA
02} 1 061 -
l.,. - | ey
0.0 | _ . 08F o 10 20 30 Ko
-02 1 1 1 1 -1.0 HI(kOe) 1 1 1
1 2 3 4 5 6 1 2 3 4 5
E (eV) E (eV)
FIG. 4. Diagonal part of the optical conductivity for Yfe FIG. 5. Kerr rotation @) and ellipticity (ex). Upper panel:

CeFg, and Ce(Fe_Co,), (x=0.1) measured at room tempera- YFe, at 3.5 K and 15 kOe. Lower panel CeFat 10 K and 10 kOe.
ture. The uppeflower) panel shows the absorptiydispersivé part ~ The insets show the field dependencedgf at the energy of maxi-
of ayy. mum Kerr rotation.

56 . .
In a nonmagnetic isotropic sample this reduces to the cont @ o1, decreases monotonically, showing a weak
plex optical conductiVity oy, = o1+ 0 2,=0,, and oy, shoulder around 2.7 eV. This feature is more pronounced in
=0. The diagonal elements of the optical conductivity, ~ Z2xx- 1h€ two compounds containing Ce are very similar.
were measured at room temperature in zero magnetic fieldhe small difference in magnitude<(10%) is likely to be
using a rotating analyzer ellipsomet@®AE).*>~*° All ellip- caused by oxidation effects. We also notice an increase of
sometric measurements were made at room temperature wifix @00ve 5 eV, ascribed to small light intensity. The ab-
no magnetic field appliedr,, was derived fromr,, and the ~ Sorption peak found in Ykeis washed out in these two
magneto-optic polar Kerr effedMOKE), which was mea- compounds. However, analyzing,, we recognize a shoul-
sured near normal incidence & 4°). Incoming, linearly po- der at 3 eV which coincides with the maximum found for

larized light will be elliptically polarized after reflection with YFe. It seems justified to say that we observe the same
an ellipticity ex and the major axis of the ellipse will be Pasic structure in all three compounds with a decrease of the

rotated by an angl®, . For small angles in the polar geom- @bsorption at 2 eV for Cekeand Ce(FgsCa1),. Rhee
etry the MOKE can be expressed in terms of the Comp|e){ound transitions occurring around thé point to give the

optical conductivit§}®* main contribution to the 2.5 eV shoulder in YFand LuFe.
There is a region in the band structure arodhavhere the
_ Tyy | 2 bands disperse very little, leading to a large DOS. The bands
Oy +ie=— ff_xx( 1+ Eow) (2 around 0.5 to 1 eV belog are of Fe-p,d) and Y-(p,d)

character. Flat bands are also found about 2 eV alkgve
The MOKE was measured using a polarization modulationThe bands in that range are of Beas well as Yd character,
technique employing a photoelastic moduldfsr® The  mixed with equal amounts of Y-derives,p) states. Tran-
samples were mounted in an optical cryostat with a split-coikitions involvingp-derived states give large contributions to
superconducting magnet system. Data can be taken at tertire optical conductivity and we agree with the assignment
peratures ranging from 2 to 300 K and magnetic fields of upuggested by Rhee that the prominent feature-ip, origi-

to 70 kOe. nates from transitions around the center of the BZ.

We measured the dielectric function of Yf£eCeFeg, and Figure 5 shows the Kerr rotation and ellipticity for Yfe
Ce(Fg_,Co,), (x=0.1). As mentioned earlier the samples and CeFg. YFe, was measured at 3.5 K in 15 kOe. From
were exposed to air during the measurements. Before eathe inset we see that the Kerr rotation saturates at 10 kOe,
scan the sample surface was lightly polished with Q@&  significantly higher than the magnetization saturation of only
alumina abrasive to remove the oxide overlayer. Figure £ kOe at 5 K. The magnitude of the Kerr effect is rather
shows the diagonal part of the optical conductivity. The ab-small, reaching a minimum rotation of nearly0.3° at 4.6
sorptive part(upper panelof YFe, is similar to that of the eV. The ellipticity shows a maximum of 0.42° at 4 eV. The
other rare-earth-Be compounds measured by L!8eand  overall shape of the spectrum closely resembles that of the
agrees well with the conductivity measured by SharipovheavierRFe, compounds®?The lower panel shows data for
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TABLE I. Maximum Kerr rotation®y ., reached at energy 3 T T T T
Emax- Temperaturel and fieldH at which the data were taken are
given together with the sample magnetizatidnunder those con-
ditions. The last column gives the specific Kerr rotation per Bohr

magneton. :"’
©
Emax ®K,ma>< T H M ®K,ma></'vI :;
(eV) () (K) (kOe (ugl/f.u.) (°/p) s 1F - Experiment .
1=05eV,1=-01
YFe, 46 —-035 35 15 291 —-0.12
CeFe 42 —-076 10 10 2.58 —0.29
GdFe? 38 —-0.28 7 14 3.50 —0.08
TbFe? 46 —0.48 295 5 2.00 —-0.24
HoFe? 36 —1.1 7 16 5.90 -0.19

TbFe® 45 —042 295
DyFe 42 -0.25 295
HoFeP 41 —0.18 295
ErFe® 40 —0.08 295

3 ee (Ref. 14.
bKatayama and HasegawRef. 2.

CeFe taken at 10 K and 10 kOe. Saturation is reached at 10
kOe (see inset whereas the magnetic moment was observed E(eV)
to saturate at 6_kOe, even if the field is applied perpen.dicular FIG. 6. Upper panel shows the absorptive component of the
tc_) t_he easy axis. T_he shape of the l<4(34r2|’ spectrum s Ver)ﬁiagonal part of the conductivity of YgeThe solid line indicates
similar to that of single-crystal Gdge """ However, the  he result obtained from our calculation including a self-energy cor-
Kerr rotation is negative over the entire energy range. Aegction with A\=—0.1 and a lifetime broadening of 0.5 eV. The
local minimum appears in the Kerr rotation at 2 eV and ajower panel shows the off-diagonal optical conductivity. The solid
minimum Kerr rotation of—0.8° is found at 4.2 eV. This Jine represents the theoretical result. The magnitude of the calcu-
compares with the rotation measured for HgFaespite the  lated 04,4 and o5,y has been reduced by a factor of 3.
much smaller magnetic moment in CgFén Table | we
summarize earlier experimental results and compare them talculations we determined the optical conductivity from the
our data. First we note that there is no obvious systematioptical constantgFig. 4) and the Kerr parametef&ig. 5).
variation in the position of maximum Kerr effeé, in ~ We show in the upper panel of Fig. 6 the experimentg),
Lee’s data* The largest Kerr rotation is found in Hojand  together with the conductivity calculated from the band
the smallest for GdFe If the Kerr effect were simply pro- structure. The calculated conductivity is reduced by a factor
portional to the net spin polarizatioior magnetization as  of 3. It was observed earlier that the magnitude of the optical
derived from a simple model for the off-diagonal conductiv- conductivity is often overestimated by the calculation, which
ity, we would extrapolate a Kerr rotation of less than predicts values that are larger by a factor of 1.6 %
—0.5° for HoFe. This indicates that there are other impor- Ellipsometry as well as MOKE is surface sensitive with typi-
tant factors which determine the off-diagonal optical conduc<al penetration depths of 50-A@ . The measured conduc-
tivity in these compounds. Misenépresented a systematic tivities frequently fall below calculated values due to rough
study of the size of magneto-optic effects and their depener contaminated surfaces. We would like to stress the struc-
dence on spin-orbit splitting and exchange interaction. It wagure of the spectra rather than the magnitude. A self-energy
found that the off-diagonal conductivity is proportional to correction withh = —0.1 and a lifetime broadening of 0.5 eV
the spin-orbit interaction but shows no simple relationshipwere used for the theoretical spectréii® The shoulder at
with the magnetization. This is supported by the specific2.8 eV is well reproduced and a broad shoulder around 4.8
Kerr rotation, which is also shown in Table I. We define theeV can be identified in the calculated spectrum. The off-
specific Kerr rotation as the maximum observed Kerr rota-diagonal conductivityflower panel agrees well with the cal-
tion per magnetic moment. This indicates that Gelsethe  culatedo,,,. The absorption falls off monotonically reach-
most effective material showing a Kerr rotation of ing a minimum at 3.4 eV. There is a shoulder at 2 eV which
—0.29°/ug, which is similar to the value for Thielt be- is also seen in the calculated spectrum. The spectrum is simi-
comes evident from the scattering of these values that therlar to that for LuFg measured by Leet al!**? Absorption
is no clear scheme that would allow us to predict the size ofhen increases again towards higher energy and a relative
the Kerr rotation based on the sample magnetization. Asnaximum is found at 4.5 eV.
pointed out by Misemet’ the Kerr effect is also proportional A comparison of the absorptive part of the off-diagonal
to the spin-orbit splitting. This is confirmed by Gdie conductivity of YFe with that of CeFe is shown in Fig. 7.
TbFe, and HoFe in order of increasing spin-orbit interac- The upper panel shows,, for CeFg. The spectrum is simi-
tion and Kerr rotation. However, Yreand CeFg do not fit  lar to that of YFe in Fig. 6. Even the shoulder at 2 eV is
in this scheme. present in this compound. The contribution of free carriers is
In order to compare our experimental results with LDA proportional tow 1. To remove the effects of free carriers
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FIG. 7. The off-diagonal optical conductivity of CefHe shown ) o
in the upper panel. The lower part showsr,,, for YFe, and FIG. 8. Kerr rotation @y) and ellipticity (ec) for

CeFe. Ce(Fe, _,Ca), (x=0.1) at 50 K.

we Sshoww o, in the lower panel of that figure. Also shown 'éappearance of the 2 eV structure. This was expected since
is the spectrum for YFe This emphasizes the similar struc- in the ferromagnetic state Cefe@nd Ce(Fe_,Co), (X
tures observed in both compounds. The amplitude of the=0.1) should be similar. To emphasize the difference we
transition at 4.5 eV is smaller and the minimum occurs at &ompare the Kerr rotation at 20 and 50 kOe with that of
higher energy in YFgthan in CeFe Since these features CeFg in Fig. 9. The minimum i@ is shifted by 0.2 eV to
are not found in spectra d®Al, (R=Ce,Pr)(Ref. 61 this  higher energy with respect to Cefand the maximum rota-
implies that they can be ascribed to Fe. Contrary to the Kertion is increased by nearly 0.2°. Let us focus on the differ-
effect, which shows a structure around 2 eV in Celpgt not  ence between the 20 and 50 kOe data. At 2 eV the Kerr
in YFe,, wayyy is very similar for the two compounds. This rotation is larger in the ferromagnetic state whereasHor
would lead to the conclusion that this part of the spectrum is>2 eV the Kerr rotation in the antiferromagnetic state is
either Fe related or due to transitions involving rare-edrth larger. In order to check this field dependence of the Kerr
states, which are very similar in both compounds. rotation we measured Kerr loops at different temperatures
After describing the spectra for Yg@and CeFg let us  and energie¢Fig. 10. Note that Kerr loops were taken on a
now turn to the most intriguing sample. At 50 K different sample. Thus the reduced magnitude of the Kerr
Ce(Fe_4Co), (x=0.1) orders antiferromagnetically in rotation indicates a thicker oxide layer on this specimen. The

Zero fleld It was shown that a mgtamagnetic transition to @enter pane] shows the same experimenta| conditions dis-
state with long-range ferromagnetic order occurs at 30 kOe.

In our experiment we apply a field parallel f[d11], i.e.,

perpendicular to the easy axis in this compound, and the 0.2 ’ ’
magnetization data in Fig. 3 do not necessarily represent the 00 L . Ce(Fe;,Col; |
actual magnetization of the sample in our experiment. How- Rve- 2.0 PO x=0.1
ever, since the anisotropy is small, the net magnetization at 02 LIS .
20 kOe will be very small. Figure 8 shows Kerr spectra taken = 3 ]l
at 50 K in fields of 20 and 50 kOe. Despite the small moment g 04r = 20 kOe Xﬁ\ A
at 20 kOe we observed a large Kerr rotation that nearly g 06l a-- 50 kOe o /]
reaches—1°. The broad maximum around 4.6 eV is the |  —— CeFe, b

. . Nac -~
dominant feature of the spectrum and compares well with -0.8 - N
that found in CeFg There is a very weak structure at 2 eV. \ ‘ oo an .
At the same position we found a feature in CgFEhis in- '1'01 2 3 4 5
dicates that the transition might still be present but is weaker E (eV)

due to different magnetic order. In a larger figbD kOe

ferromagnetic order is induced and the shape of the Kerr FIG. 9. Kerr rotation for Ce(Re ,Co,), (x=0.1) at 50 K in the

rotation more closely resembles that of CeF€&he main

antiferromagnetid20 kOe and ferromagneti¢50 kOg¢ state. We

difference compared to the data taken at lower field is thelso show the Kerr rotation of Cefén the saturated regime.
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. VI. CONCLUSIONS

® ocbo.."oo...
0 9. 0-0-0.g
1 Comparing the shape of our MO spectra in Fig. 5 with
[P those of heavieRFe, compound we find that all spectra
L NN N S i 7 show a broad minimum in the Kerr rotation between 3.5 and
5K e 18eV 5 eV. The measurements by Katayama and Hasegstav
P P 4 40evp a decrease of the magnitude @f with increasing atomic
3 soeeee, number of the rare earth. Furthermore, the minimum shifts to
z lower energy in compounds with heavier rare earths. How-
('5'4; B Bl Ayl ever, the structure of the spectra changes very little for dif-
s ety b8 i ferent compounds. We therefore ascribe this part of the spec-
50K , ‘ trum to Fed derived transitions. This structure is absent in
) ée(Fe1_XCOX52 ‘ the spectra oRAI, (Ref. 61) which supports our conclusion.
x=0.1 100 K- The Io_wfenergy absorption spectra BAI, and RFe, are
“0.g.g g o000 00000 very similar. Rare-earth andd states do not change signifi-
® conbe PP 2 8-250K cantly as thef shell is filled, and we observe similar struc-
46V ¢ 5K tures in®y in the heavyRFe,.>* We assign the structure
< r ! around 2 eV to rare-earth derived transitions involvitig

20 40 60 80 states. As expected, this absorption is also found irsthe
H (kOe) spectrum of YFe Rare-earthf states polarize the states
which yields an appreciable magneto-optical signaRikl,

FIG. 10. Field and temperature dependence of the Kerr rmatio%ompounds As found foRAl. the d moment itself can be
of Ce(Fg_,Co,), (x=0.1). The upper two panels show the Kerr rather smallél 2

rotation at 1.8 and 4 eV taken at 5 and 50 K, respectively. The . .
P y In the case ofRAIl, Oy is proportional to the sample

lower panel shows the Kerr rotation at 4 eV at 5, 50, and 100 K. o e . i
magnetization. This is due to the simple magnetic structure
cussed above. We measured the Kerr rotation at 50 K at 1.8f those compounds. Only the rare earth carries a moment
and 4.0 eV. At 1.8 eWy increases to about 0.05° and  (which is more than 80% ® and through intra-atomic cou-
saturates before ferromagnetic order is induced at 40 kOpling the spin polarization of thedbstates is proportional to
and@®y increases to- 0.14°. O saturates and remains con- the spin magnetization. F&tFe, the situation is more com-
stant up to 70 kOe. The situation is much more dramatic at 4licated since the rare earth, as well as the Fe, carries a
eV. Despite a small magnetic moment the Kerr rotationmoment. In Fig. 5 the insets show the saturation behavior for
reaches-0.45° and shows the same field-induced transitionyFe, and CeFg There is a nearly linear increase@y and
at 40 kOe. But this time the transition occurs to a Sma”ersaturation sets in at 10 kOe. This Corresponds to a ferrimag_

Kerr rotation, i.e., the magnitude of the Kerr rotation is re-netic alignment of the Fe and rare-earth magnetic moment
duced for an increased magnetization. This is very U”USU%llong[lll].

and we performed measurements on another sample which grom magnetization and Kerr angle versus field data for

confirmed our observation. Due to instrumental I'm'tat'onsantiferromagnetic Ce(Fe,Ca),(x=0.1) it emerges that

S;é“ég fo;;zg ?:r?gi(;to()mmaefrirllstag ;2*:?’;;;23;2%2?%& there is a fairly large MO response despite a quite minute net
P g X magnetic moment at 50 K and 20 kOe. Magnetization in-

optical cryostat allows fields up to 70 kOe and we aCtua”ycreases linearly untH approaches the critical field. It differs
found the same transition to occur between 65 and 70 kOe at the K yt i er]{ h saturat ¢ : ) | field of
5 K. This is shown in the upper panel of Fig. 10y is rom the rerrrotation which saturates at an external field o

similar to the loops taken at 50 K, the only difference being20 kOe. This could possibly indicate saturation of a magnetic

an increased hysteresis at lower temperature. The same trafpPlevel which contributes to this absorption. According to
sition was found at 68 kOe in a polycrystalline sample off€utron scattering the CedSand 4 moment is small
similar compositiorf® The metamagnetic transition is ob- (<0.04ug) and cannot be seen in our magnetization mea-
served at even higher field but data were taken at a lowegurements. Another possible scenario is the formation of a
temperature, which increases the critical field. What make#agnetic surface layer which saturates at a lower field than
this material so interesting is the large Kerr rotation at 4 evthe bulk of the sample. Magnetic x-ray scattering at grazing
in a region of very low magnetization. In the lower panel of incidence could help to determine if there is such a layer and
Fig. 10 we compare data taken at 4 eV for three differenif its magnetic behavior differs from that of the bulk of the
temperatures. The magnitudes of the Kerr rotation observesample. Above the metamagnetic transition the Fe moments
at 5 and 50 K are in good agreement. For both temperaturesign ferromagnetically which leads to a steep increase in the
Ok has the same value in the ferromagnetic as well as in theragnetization. However, the change in the magneto-optic
antiferromagnetic phase. The only difference is a strongesignal is an order of magnitude smaller. It appears that we
hysteresis due to a higher critical field at lower temperatureare able to detect a much smaller magnetic moment using the
At 100 K the sample is in the ferromagnetic state &g  Kerr effect, which selectively probes particular electronic
saturates at 10 kOe. The magnitude is reduced compared states. The exact origin of the MO spectra at 1.8 and 4 eV
that in the field induced ferromagnetic phase. This is due to &as not been determined unambiguously. One should keep in
reduced magnetizatiofsee Fig. 3. mind that there are other effects that we have not considered
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in the previous analysis. There is a structural distortiofyat  band folding and opening of gaps which are not present in
which is reversed as the field is increased and ferromagnetitie ferromagnetic BS.

order on the Fe sublattice is restored. This distortion can lead

to splitting of bands which will change the spectrum. Fur- ACKNOWLEDGMENTS
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